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STUDY  OF  THE  STARTIKG  TORQUE 
IN  A  POLYPHASE  SYIiCHROIIOUS  MOTOR. 

A  synchronous  motor,  although,  its  fie.ld  is  na^TOw, 
nevertheless  has  a  field  distinctly  its  own,  wherein  no 
other  machine  could  be  used.  This  field  though  small,  occupies 
such  an  important  place  in  la.rge  systems  ttiat  extendeu  ex- 
periments have  been  m.aae  to  enlarge  this  field. 

Any  alternating  current  generator  may  be  used  as 
a  syncl'i.ronous  motor.  Ttie  difference  lies  in  tae  fact  that 
the  former  converts  mechanical  to  electriccxl  rower,  while 
the  latte?"  reverses  the  operation.  A  syncJironous  motor  oper- 
ates in  series  witti  its  generator,  and  -a,  generates  a  countex" 
electromoti-'e  force  which  opposes  that  of  the  generator. 
The  magnitude  of  this  E.  L'l.  F.  generated  in  the  motor  de- 
pends directly  upon  th.e  field,  excitation.  By  increasing  t]ie 
field  excitation  sufficiently,  tjiis  C.  E.  Ivi.  F.  m'>.y  be  made 
of  considerably  greater  ■^'■alvte  tiian  that  of  the  generator. 
On  the  othe?"  hand,  ^y   prope.x^ly  decreasing  tiie  field  excit- 
ation, a  proportionately  low  C.  E.  M.  F.  may  be  obtained. 
In  the  first  case  the  phase  of  the  ci.irrent  will  be  found 
to  be  in  ad^^ance  of  tiie  impressed  voltage,  and  in  the  second 
case  to  be  lagging  behind.  It  is  seen,  therefore,  that  hv 
simply  changing  tjie  strength  of  the  exciting  current,  t'tie 


armature  current  can  be  made  lagging,  in  phase  ..-ith,  or   in 
ao.vance  of,  tlie  imrT-essed.  F,.    M.  P.   Hence  it  is  possible  to 
obtain  any  power  factor  for  a  gi-^en  condition  of  load. 
In  other  '.vords,  the  arriovint  of  current  consun-ied  hy   the  motor 
depends  upon  the  fieJd  excitation. 

This  px^operty  of  the  synchi'onous  moto?-  of  produc- 
ing at  vv'ill  anjr  displacement  of  phase  relation  between  cur- 
rent and  E.  M.  F. ,    furnishes  a  means  of  annulling  the  re- 
actance due  to  the  indvictance  of  tii.e  .line,  ami  also  at  the 
same  time,  of  compensating  for  a  certain  amoiJit  of  lagging 
current  due  to  inductile  loacis  in  otlier  parts  of  tlie  cir- 
cuit. It  uill  take  care  of  a  total  current  made  up  of  ener- 
gy and  "wattless  components  to  an  extent  equal  to  its  rated 
ampere  out-put. 

Ttie  synchronous  motor,  especially  in  units  of 
large  output,  possesses  a  number  of  features  vritich  ]nake  its 
use  at  times  preferable  to  that  of  the  ir.duction  motor. 
The  most  important  fuatui'es  are,  (1),  the  ability  to  main- 
tain a  high  pou'er  factor  -unuer  -rarious  conditions  of  load; 
(2),  tlie  advantage  of  an  'unvarying  speevd,  due  to  the  in- 
herent quality  of  the  machine  to  run  in  synchronism  with  the 
generator;  (5),  the  efficiency,  wliich  is  as  a  rule  found  to 
be  much  highej'  than  that  of  inu action  motor's. 

A3  a  partial  off-set  to  these  advantages,  the 
sjTichronous  motor  is  not  adiapted  for  use  '.v'iiere  a  large 


starting  torque  or  frequent  atai'ting  of  th.e  ]  oad  ia  nec- 
essary?-, and.  cannot  be  used  i/liere  a  -^^ariable  areed  ia  re- 
quired, as  it  does  not  admit  of  intierendent  speed  regi-ulatinn. 
It  also  requires  skillful  and  intelligent  attention,  as  -..-ell 
as  certain  station  appliances,  anu  also  a  separate  current 
for  excitation.  AnotJier  objection  to  tii.e  synciu^onous  is  its 
tendiencj''  to  hunt,  of  'which  vve  shall  sijeak  latter.  In  all  . 
large  stations,  where  a  portion  of  the  load  ia  ind.acti--/e, 
it  is  customary  to  install  synchronous  motors  in  prefer- 
ence to  any  other  for  the  operation  of  the  minor  machinerj'- 
of  the  plant,  tiie  motor  also  being  used  to  maintain  a  I'ligh 
power  factor  in  the  feeder  system. 

As  mentioned  abo'^re ,  one  of  tde  jaain  disadvantages 
of  the  synchronous  motor  is  its  inability  to  start  under 
load,  due  to  its  lovv  starting  torque.  With  this  in  view, 
this  im/estigcttion  was  undertaken  to  deterjnine  the  con- 
ditions gii'ing  the  highest  torque.  A  synchronous  motor 
upon  str^rting  acts  some'r^-hat  as  an  innuction  motor,  and 
takes  a  comparative  large  lagging  current  from  the  line, 
the  magnitude  of  the  current  being  limited  by  the  impedance 
of  the  armature.  If  the  size  of  the  motor  is  su-cli  tnat  it 
requires  an  excessrve  starting  current,  tl-iei-eby  producing 
a  large  drop  in  the  line,  special  devices  for  starting 
must  be  resortea  to.  Ko-./9ver,  when  the  size  of  the  motor 
is  small  comrarea  to  tdat  of  the  generator,  connection 


may  be  marie  directly  to  tn.e  maina ,  i«ith  the  fields  i^nexcit- 
ert ,  the  loari  not  being  applied  laitxl  synciironism  is  reach- 
ed. 

The  methori  as  stated  above  is  the  one  laost  usu- 
ally emiloyed.  The  follovving  are  some  of  the  possible 
conditions  holding  true  for  all  sizes  of  machines:  ^1), 
fields  open,   (3),  fielas  sliorted  indi-viduallj/,  (3),  fields 
shorted  as  a  \^hole,  C4),  squirrel  cage  attaclurient  placed 
on  the  fields  poles,  and  (5),  copper  bands  surroimding  the 
pole  shoes.  Ha'x'ing  the  fields  open  is  tho  customary  method, 
and  the  motor  start&s  as  an  mdixction  motor  'y«'it]i  a  small 
torque,  due  to  tiie  induced  currents  in  the  pole  pieces, 
and  ViTill  soon  sjeed  up  to  almost  synchronism.  It  is  quite  ev 
eviaent  that  at  starting  tlie  torque  is  extremely  small, 
and  -vvill  not  sustain  any  load.  With  the  fields  shortea  in- 
dividually, a  modified,  form  of  an  induction  motor  is  pro- 
duced, in  tJiat  the  field  vvindings  correspona  to  a  small 
degree  to  tiie  second  .ry  windings  of  an  induction  motor. 
W)ien  the  fielas  are  shortea  as  a  vvhole,.  this  iaea  is  car- 
ried out  in  a  slightly  nifferent  manner,  gi.^ing  a  o.iffer- 
ent  modification  of  tue  incxuction  motor  windings. 

Tiie  Idea  of  a,  cage  attaclunent ,  simila?^  to  the 
squirrel  cage  rotor  of  an  induction  m.otor,  seemed  to  be 
quite  feasible,  in  tjiat  it  might  more  nearly  ay  proach  an 


inrluctinn  riOtor  effect,  '.-i-.^ing  a  large  "Loruue  at  starting 
sinilxar  to  ti-.at  of  an  moviction  motors  ^^^'^  s--  tiiis  toniue 
-would  'oe  additive  it  -vouln  reduce  tiie  tirae  reuuired  for  the 

machine  to  come  ^s;'nchroni3rn,  and  might.  enabJ  e  it  to  start 
under  load.  This  arrangement  -..ould  not  detract  from  the  mer- 
its of  the  synchronous  motor,  in  that  after  synchronism 
had  been  reached,  and  the  fields  e^.cited,  the  cage  ./ould 
have  no  effect  upon  tiie  operation  of  the  machine ,  pji-ovid- 
ing  it  remained  in  synchronism.  If  ho.-eve.r  the  machime  fell 
behind  synchronous  speed, tJie  siiuirrel  cage  .(Oulci.  again  be 
brought  into  action,  and  would  add  to  th.e  torque  of  the 
machine,  thus  tending  to  bring  the  machine  back  to  synchro- 
nous speed.  This  action  '..oulci  similarlj'  be  noticed,  if  the 
machine  should  speed  above  synchj'onous  speed.  Since  hunt- 
ing is  an  oscillation  of  speea  above  and  belo;.  synchronism, 
the  above  arrangement  vvoula  become  a  dampening  device,  and 
would  consiiierable  decrease  the  hxmting.  This  in  itself 
wouldbe  a  most  beneficial  characteristic,  /vnother  ad^'ant- 
age  'vvhich  the  cage  attachment  seemea  to  present  was  that 
of  an  increased  poiver  factor  aue  to  the  large  seconaaiy 
currents  that  \.ould  be  inauced . 

Th.e  relative  position  of  the  rotor  to  t,i.e  stator 
might  also  be  expecteii  to  give  a  variation  in  trie  starting 
toroue . 


lUEASIJKEIvIEKT  OF  T'D^  STARTIIIG  TORQUE. 

Va7"inu3  netiiods  are  arplinable  to  the  measuring 
of   startiny;  torque,  but  the  one  ..hich  appeared,  moat  sv.iteri 
to  our  purpose  \*-a3  an  acceJeration  anc  moment  of  inertia 
method.  Since  the  starting  tojxque  is  equal  to  tue  prortuc'E 
of  the  acceleration  and  moment  of  inertia,  it  may  be  ob- 
tained by  determining  tliese  tw'o  factors.  T)ie  moment  of  in- 
ertia may  be  obtained  mathematically,  biit  this  could  not 
be  accurately  done,  dr^e  to  tiie  shape  ano_  heterOe^;eneous 
chacacter  of  the  mass.  It  miglit  a]  so  be  determined  by  the 
torsion  method,  that  is  suspending  the  armature  "'■ertica]  Ij'' 
by  a  steel  ^.vire ,  anci.  after  settint?;  it  into  torsional  '/ibra- 
tion,  measuring  'the   niunber  of  oscillations  in  a  gi"^'"en  time. 
Due  to  to.e  imr  ossibility  of  :'^emo^^ing  the  rotor  on  accoi.nt 
of  th.e  construction  of  the  machine,  this  methoa  could  not 
be  used. 

The  method  finally  adopted  was  to  measure  the 
acceleration  rroduced  by  impi'essing  a  definite  toriiue  upon 
the  rotor,  this  toniue  being  obt&ined  by  tlie  action  of 
gravity  upon  a  ]:no".;Ti.  mass,  v,hich  vv-as  3u.3peniied  by  means 
of  a  cord,  vv'ounu  about  tue  pulley  "vvheel.  The  rim  of  tlie 
wheel  was  co"-''ereri  with  lamp  black,  ann  a  stylus  attached 
to  an  electrically  dri^'-en  tuning  fork  ..cis  aojusted  so  that 
it  would  trace  a  cu.rve  on  the  surface  of  tn.e  waeel  as  it 


revolved.  This  tvming  fork  v^aa  a  standard,  and  carefully 
calibrated  to  gi^''©  fifty  vibi'ations  a  second.  Since  tlie 
time  of  each  vibrr-ation  is  knov.Ti  and  constant,  v,e  can  de- 
teriaine  the  relation  betv\een  tjie  angle  i.ixsaed   through  and 
the  time.   This  angle  xvas  ineasrured  hy   a  disk  graduated 
in  degrees,  securelj?'  fastened  to  t]ie  end  of  the  pulley  wheel. 
The  average  velocities  during  consecutive  eoual  pf^^iods 
of  time  can  thus  be  netermined,  and  the  acceleration  ascer- 
tained. In  accurately  determining  the  moment  of  inertia  it 
is  necessarj''  to  take  the  friction  into  account.  This  is 
found  h'j   determining  the  reta.rdation  given  the  "^heel,  v/hen 
vfhile  running  no  force  other  than  friction  is  acting. 
Adding  this  retardation  to  the  above  acceleration,  tiie  re- 
sult is  the  acceleration  wliich  vfoulii.  be  obtained  were  no 
friction  acting.  Since  t]i.e  acceleration  ann  torciue  are 
knovm,  the  moment  of  inertia  is  ri.etermined  bjr  tie  foJlov;- 
ing  eq.uation:- 

I  =-5L- 

T/here   I   is   tb.e  uioment   of  inertia   in  foot   roima   second  units, 
T   is    the   toriiue   impresseu    in   foot   pounds, 
Lo  is   tlie   acceleration   m  raaians   per   seconii   pe.r-   second. 
From   the   follov/ing  rlata,    these  results   are   ob- 
tained :- 

Average  acceleration  per   {.2    sec), 15.5  degrees 

"  retardation        "  "  , .38 

Th.eoretical   acceleration  "  , 15.88        " 
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DETEEMIKATION  OF  THE  MOMENT  OF  INERTIA. 


ANGULAR 

VIBRATIONS. 

ANGIE. 

VELOCITY. 

0 

44.0 

10 

51.0 

7.2 

20 

73.2 

18.0 

30 

110.0 

36.8 

40 

lfil.6 

51.6 

50 

228.0 

66.4 

60 

311.0 

83.0 

70 

50.0 

99.0 

80 

165.0 

115.0 

90 

295.6 

130.6 

100 

82.8 

147.2 

110 

243 .  5 

160.7 

120 

44.6 

161.1 

130 

207.0 

162. 4d 

140 

8.0 

161.0 

150 

169.0 

161.0 

160 

329.8 

160.8 

170 

130.0 

160.2 

180 

289.5 

159.5 

190 

39.0 

159.5 

300 

248.5 

159.5 

210 

47.5 

159.0 

220 

207.0 

159.5 

ANGULAR       AVERAGE 
AGGELER.\TI0N.  ACCELERATION. 


10.8 

18.8 

14.8 

14.8 

16.6         15.55 

16.0 

16.0 

15.6 

16.6 

13 »  5 
.4 

1.3 

-1.4 
0.0 

-.2 
-.6 
-.7 

0.0      -.214 
0.0 
-.5 
,5 


DETERMIICATION    OF   THE  MO^ffiNT    OF   IKERTIA. 


ANGULii^R 

ANGUL. 

VIBRATIONS. 

ANGLE . 

VELOCITY. 

ACCEIER 

0 

240.0 

10 

149 

9.0 

20 

272.0 

23.0 

14. 

30 

310.0 

38.0 

15. 

40 

3.0 

53.0 

15. 

50 

72.0 

69.0 

16. 

60 

156.0b 

84.0 

15. 

70 

256.0 

100,0 

16. 

80 

12.0 

116.0 

16. 

90 

145.0 

133.0 

17. 

100 

278.0 

143 . 0 

10. 

110 

72.0 

l-t4.0 

1.0 

120 

216.0 

144.0 

0.0 

i.-^o 

359.0 

143  .  0 

-1.0 

140 

142,0 

143.0 

0.0 

150 

284.5 

142  .  5 

-.5 

160 

66.0 

141 ,  5 

-1.0 

170 

209.0 

143 . 0 

1.5 

180 

349  .  0 

140.0 

-3.0 

190 

131.0 

142 ,  0 

2.0 

AVERAGE 


15.50 


-.2875 
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DETERIvIINATION  OF  THE  MOMENT  OF  INERTIA.  fContinMerl) 


AWGUMR 

ANGUIAR 

AVER;\GE 

VIBRATIONS. 

ANGIiE. 

VELOCITY. 

ACCELERATION. 

ACCELERATION. 

P.  00 

272.0 

141.0 

-1.0 

210 

52  .  0 

140.0 

-1.0 

220 

193.0 

141.0 

1.0 

230 

333.0 

140.0 

-1.0 

240 

113.0 

140.0  •    . 

0.0 

-.2875 

250 

252.0 

139.0 

-1.0 

2o0 

30.5 

138.5 

-.5 

270 

170.5 

140.0 

1.5 

280 

308.0 

137.5 

-2.5 

290 

86.1 

133.1 

.6 

300 

224.5 

133.4 

,3 
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2 
Theoretical   acceleration  per   fsec.)* 15.82   X  25 


»»  It  II  II 


395.  5^^ 


"  '•  "  "        , 6.9   radians. 


T     -     W  r 

"vvhere        T   is    the   torque    in.   Toot   joujuis, 

W  is   trie    .veight  acting -     PjT,   poiinris, 

r   is   the   ran  ins    of  the   pulley  vvheel=  .744  feet. 

therefore 

T     =      35   X    .744     ~      18.6      foot   pounds. 

r      ^      JL        ^        ^4^1 2.70 

The  moment  of  inertia  has  no".v  been  obtained, 
and  the  relation  and  the  torque  ana  acceleration  has  been 
established,  ue  are  now  able  to  uetermine  the  torque  for 
various  conditions  b^^  measi^ring  the  acceleration  under 
those  conditions.  This  ^vas  done  as  before,  by  means  of 
the  electrically  driven  tuning  fork. 

Before  going  furtjier,  a  brief  of  t}ie  jnachine 
viould  not  be  out  of  place.  The  motor  is  of  t]\e  A,  T.  B. 
style  of  the  General,  Electric  Co.,  and  is  ra-ted  at  7.5  K.  W. 
at  80  ■y'-olts  and  35  cycles.  It  is  of  tiie  six  role  revolving 
field  type,  and  is  designed  according  to  the  following  data; 


IS 


DATA    OF   SYIICHROIjOUS  MOTOR  '''31773 


Style,     ......... 

Ko.    of  rolQS ,    . . 

Cyclic    3166(1,      . 

Speeo_,    R,  P.'I.  , 
Volts,     ........ 


0     c     «     0     •     •     • 


e»*»»eeoeB»o 


<     e    c    0 


A.T.B.    6    -    7.5    -    500    -    ?.    &   3    pliase. 

7.5      K.    W. 

.  .  6. 
.  .  85. 
.  500. 
.  .    80. 


cececcccc 


ce«oo««*»A9 


FIELDS . 

Excitatio!- , . 

Size    nf   fiel('.    ..ire, 

Iln.  of  ■L'.rns  in  series  per  pole, 
I'.iean  lenf'th  of  tv-.m  in  feet,  ... 
Outside  diaiaetei^  of  ivinciiings,  . 
Insiae  "  "  "  ,  . 
Length  of  pi  inciiincis , 


Separate , 
15  B  &  S. 
43  P. 
1.67 
14.81" 
3.5" 
4." 
C.94" 


ARJ.'IATURE . 

Armatiire   v/incins^s  , Distributed  . 

Ho.    of   circij.its    rer  piiase, 3. 

IJo   of   cojiductors    in   series    per   circuit,.  162,    ("3   pliase) 

"      "  "  "  "  "  "         ,  .  288.     (2   pause) 
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ARYiATURF .    ( G  ontinued. ) 
Size    of   conrlTictors ,     ......  ..o  ......».,.  .    14  B   cc   S . 

"tv/o  in  multii'le   insul^iteo    l^.s    one   t,',in  ct.c.c. 

Arrangeiaent  per   slot,    horizonta]. ,    6. 

"  "  "    ,    -rer^lccx.!,    ........       8. 

Ho  of  single  coils,  ....................   .36. 

TJo.  of  slots, 36. 

Size    of   slots , 1.56   X    .55   incii. 

Outside  diameter  of  punchings,  24" 

Inside     "     "     "     ,  15. " 

Length  of  punciiings , 4.  " 
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EXPERIIvIEI j'TAIj  results  , 


ThrnuBhout  the  tasta  >/h.ich  follow,  the  maclii"\e 
was  uaea  as  a  three  phase  motor,  with  a  "'oltage  of  85,  and. 
a  cyclic  speert  of  2b, 

The  toniue  unner  the  follcving  various  conditions 
was  obtainert:  (1),  fielos  open,  (3),  ^'•arious  field  cur- 
rents, (3),  fielcs  slxorted  as  a  whole,  and  f4),  fields 
shorted  ind.i"^'"idually .  After  these  runs  had  been  raade,  a 
cage  attaciiment  was  placeu  upon  the  rotor.  This  apparatus 
was  constructed  along  the  lines  of  a  squirrel  cage  rotor, 
tb.e  conductors  and  end  rings  being  composed  of  number  4 
copper  wire.  These  conductors  were  placed  on  each  side  of 
the  pole  pieces  and  securely  fastened  by  means  of  meta.l 
connectors  to  tlie  end  rings.  Runs  under  the  sai  e  conditions 
as  -n-itliou.t  the  cage  were  now  made,  the  results  of  botli  sets 
of  runs  being  as  follows: - 

Fields  open,  v.-itnout  cage, 

"     "   ,  W'ith  cage, 

.35  ampere  field  curreiut  without  cage 


.20 
.70 
.70 

1.2         " 
1.0         " 


-with  " 

without  " 

vvitii  " 

vvithout  " 
,.ith 


82.5    ft.    lbs 
11.5.1 


79.0 

102.0 

38.9 

87.2 

27.2 

71.5 
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Fields    aJiorteo.   as   a    ..hole,    ivith.oiit   cap:e,     ,    30.1    ft.lba. 
"  "  "    "        "      ,    with  "    ,    .    51.  r,    " 

"  "        ihoi-^idually,    .atiiout,      "    ,    .    P.6.8   "        " 

"  "  "  ,    ..ith  "    ,    .    56,8   " 

Froiii  tj-ieae   results   a  number   oT  xnterestiriK 
conclusions   may   be   nra.rTi.    I"b   has   been  rnaintainefJ    by   some 
'rtxiters   that,   a  ^^ery   slinht   excitation   of  tiie    tielrls    vv'oulrt 
increase   the    starting   tixvue.    Oui"   results,    ho.'*ever,    did 
not  beaT"  this    out,    and   in  fact   sho.^ed  t}\e   opposite  to  b- 
true,    t]ie   torqixe  -raryino.   inversely   '.<'ith  the    field    current. 

It   is   inte.fi-eatin;;/;  to  note   tjiat    ,.ith  the   fielns 
shortecL  as   a    ..hole   and   individually,    the   start inr{   tor<iue 
was   considerably   less   than   v.ith  the   fxelds    op^en.    From  tjiis 
we   should   conclude   that   the   action   of   tiie    field   coils    .dien 
shorted   opposes   that    of   the   motor. 

It   is    fu-t-ther  noted   that   the   action   of  the   cage 
increasea   tde    sta^-tiny;   toi-que    in   eacli   case,    tiie   highest 
tortiue   being  de''"eloi:ed    ..ith  tiie   fields   open. 
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DETEKIVIIKATION  OF  STARTING  TORQUE, 
WITH  FIELDS  OPEN. 


VIBRATIONS. 

ANGLE. 

ANGULAR 
VFLOCITY. 

ANGULAR 
ACCELERATION 

0 

25.0 

10 

60.0 

35.0 

20. 

20 

159.0 

99.0 

64.0 

30 

316.0 

157.0 

58.0 

40 

166.0 

210.0 

53.0 

50 

63.0 

257.0 

47.0 

60 

8.0 

305.0 

48.0 

70 

347.0 

339.0 

34.0 

80 

356.0 

369.0 

30.0 

90 

26.0 

390.0 

21.0 

100 

78.0 

412.0 

22.0 

110 

146.0 

428.0 

16.0 

120 

228.0 

442.0 

14.0 

130 

320.0 

452  .  0 

10.0 

Starting:;  acceleration  (from  cvirve),  70. 

Starting  torque,  82.5  ft.  lbs 
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DETERF.IIKATION    OF   STARTING   TORQUF 
CAGE   ATTAGHIvtSHT ,  FIELDS    OPEN. 


ANGULAR 

ANGULAR. 

VIBRATIONS. 

ANGLE. 

VELOCITY. 

ACCEIaER.\TION. 

0 

10^5 

10 

53  . 0 

42.5 

20 

183  .  0 

129.0 

86.5 

30 

27.0 

205.0 

76.0 

40 

290.0 

263.0 

58.0 

50 

248 .  0 

318.0 

55.0 

60 

252.0 

364.0 

46.0 

70 

291.0 

399.0 

35.0 

30 

I.O 

430.0 

31.0 

90 

92.0 

451.0 

21.0 

100 
Starting 
Starting 

202.0 

470.0 
( from  curve ) 

19.0 

9r,° 

ac C 8  JLOX  ca,  ux I  Ui 

toraue,    

,      JO 

113 

113.1    ft.    Ib3, 
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DETEKMIKATIOW  OF  STARTING  TORQUE 
CAGE  ATTACm'IENT ,     FIELDS  OPEN. 

ANGULAR  ANGULAR 
VIBRATIONS.    ANGLE.    VELOCITY.    ACCELERATION. 

0  ay .  0 

10  133.0  44.0 

20                        358.0              135.0  81.0 

30                          94.0              196.0  71.0 

40                       353,0             359.0  67.0 

50                         304.5              311.5  53.5 

60                         303.5              359.0  47.5 

70                       340.0             396.5  37.5 

80                         43.00              433.0  35.5 

90                         137.0              445.0  33.0 

100                       330,0             463.0  18.0 


o 
Stc-ortmh  accelaratinn   ( f  roji.  curve),    91 

Starting  tortiue,    106,0  ft.    IbB, 
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DETEKfJINATION  OF  STARTING  TORQUE 
CAGE  ATTACHMENT,   PIEIJ)S  OPEN. 


ATiGUL.\R 

ANGULAR 

VIBRATIONS. 

ANGLE . 

VELOCITY. 

ACCEIERATION. 

0 

33.0 

10 

75.0 

42.0 

20 

18i).0 

114.0 

72.0 

30 

2.0 

172  .  0 

58.0 

40 

226.0 

224.0 

52.0 

50 

135.0 

269.0 

45.0 

60 

33.0 

308.0 

39.0 

70 

68.0 

345 . 0 

37.0 

60 

84.0 

374.0 

29.0 

90 

133.0 

409 .  0 

35,0 

100 

206.0 

433  .  0 

24,0 

110 

303.0 

457.0 

b24.0 

120 

63.0 

437  .  0 

30.0 

130 

198.0 

495.0 

8.0 

140 

343.0 

510.0 

15.0 

Starting  acceleration  (from  curve),  35 

Starting  torque, 100.0  ft.  lbs 
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DETERMIHATIOK    OF   STARTING   TORQUE 
WITH    .25   AlMPERES    FIELD    CURRENT. 


ANGULAR 

ANGULAR 

VIBRATIONS. 

ANGTiE. 

VELOCITY. 

ACCELERATION. 

0 

237.0 

10 

2G6.0 

29.0 

20 

346  .  0 

80.0 

61.0 

30 

117.0 

131.0 

51.0 

40 

292.5 

175.5 

44.5 

50 

153.0 

220.5 

45.0 

60 

52.5 

259.5 

39.0 

70 

351.0 

298.5 

39.0 

80 

325.5 

334.5 

36 .  0 

90 

335.0 

369.5 

35.0 

100 

12.0 

397.0 

28.0 

Starting  acceleration  froin  ciirve,    67 

Starting  tortiue,    79.0  ft.    lbs. 
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DETRKIVIINATION   OV   STARTING   TOROIJR 
WITH    CAGE   ATTACroiJ^IIT,    AIJD    .2    AIvIFERE   FIELD    CIJRREIiT. 


AI IGUI AR  AI I G  U  J  .AR 

VIBRATIONS.         ANGLE.         VELOCITY.         ACCELERATION. 


0 

159.0 

10 

206.0 

47.0 

20 

327.0 

121.0 

74.0 

30 

151.0 

184.0 

63.0 

40 

28.0 

237.0 

53.0 

50 

311.0 

285.0 

46.0 

60 

270.0 

319.0 

36.0 

70 

266.0 

356.  0 

37.0 

80 

300.0 

394.0 

38.0 

90 

9.0 

429.0 

30.0 

100 

109.0 

470.0 

31.0 

rting 

acceleratinn 

+  i^-r»c^n£i     — ..  — 

f  rrOiTi  CWT-re)  ,  - 

89-^ 

102 

?.7 
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DETERIVIINATION  OF  STARTING  TORQUE 
WITH  .7  A.MPERES  FIELD  CURRENT. 


ANGUL/\R 

AK'GUL.\R 

VIBRATIONS. 

ANGLE. 

VELOCITY. 

ACCELER-iTION 

0 

40.0 

10 

56.0 

16.0 

30 

104.8 

48.8 

32.8 

30 

182.0 

77.2 

28.4 

40 

286.0 

104,0 

26.8 

50 

59.4 

133.4 

89.4 

60 

233.5 

163.1 

29.7 

70 

53.0 

190.5 

27.4 

30  _ 

273.5 

320.5 

30.0 

90 

161.0 

247  .  5 

27.0 

100 

73.0 

272.0 

24.5 

110 

8.5 

295.5 

23  . 5 

120 

320.0 

311.5 

16.0 

130 

290.0 

330.0 

13.5 

140 

275.5 

345.5 

15.5 

o 
Sturttng  acceleration  (rroiri  cur'^e),  33 

Starting  torque, 38.9  ft,  lbs. 
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DETKTOyHNATION    OF   STARTING    TORQUE 
VflTH    1.3    .AMPERES    FIELD    CURRENT. 


ANGULAR 

ANGULAR 

VIBK4TI0NS. 

ANGTiE. 

VELOCITY. 

ACCELERATION. 

0 

265.0 

10 

294.0 

39.0 

20 

353.0 

59.0 

20.0 

30 

77.0 

84.0 

25.0 

40 

184.5 

107.5 

23.5 

50 

315.0 

130.5 

23.0 

60 

111.0 

156.0 

25.5 

70 

292.0 

181.0 

25.0 

80 

139.0 

207.0 

26.0 

90 

11.0 

232.0 

25.0 

100 

263.0 

252.0 

20.0 

110 

174.0 

271.0 

19.0 

130 

101.1 

297.0 

16.0 

130 

42.0 

301.0 

14.0 

140 

355,0 

313.0 

12.0 

Starting  acceleratinn  (from  cvir^'-e),  23 

Starting  torque,  27.2  ft.  lbs 
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DETRKVII NATION    OF   STARTING   TORQUE 
WITH   CAGPl  ATTACmmNT,    AlID    1.0   AJvIPT^lPJ^   FIEIJ)    CURREIJT. 


AI^GIJI-iAR  AUGUIjAR 

VIBRATIONS.         ANGItE.         VELOCITY.         ACCELERATION. 


0  159.0 

10  P.07.0  48.0 

20  509.0  102.0  54.0 

30  100.0  151.0  49.0 

40  291.0  191.0  40.0 

50  162.0  231.0  40.0 

60  65.0  263.0  32.0 

70  356.0  291.0  28.0 

80  310.0  314.0  23.0 

90  279.0  329.0  15.0 

100  264.0  345.0  16.0 

110  265.0  361.0  16.0 


Start,.i.ng  acceleratinn   (.from  cMrve ) ,    60.5 

Starting  torqvie,    71.5   ft.    lbs, 
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DETERTvIINATIOK  OF  STARTING  TORQUE 
V7ITH  FIELDS  SHORTED  AT  BRUSHES. 


ANGULAR 

ANGULAR 

VIBRATIONS. 

ANGTE. 

VELOCITY. 

ACCELJ^RATION 

0 

260 

10 

271.0 

11.0 

.20' 

299.5 

28.5 

17.5 

3d 

344.0 

44.5 

16.0 

40 

44.5 

60.5 

16.0 

50 

121.0 

76.5 

16.0 

60 

213.0 

92.0 

15.5 

70 

320.5 

107.5 

15.5 

80 

83.0 

122.5 

15.0 

90 

220.5 

137.5 

15.0 

100 

13.0 

152.5 

15.0 

110 

182.0 

169.0 

16.5 

130 

6.5 

184.5 

15,5 

130 

207.0 

200.5 

16.0 

140 

63.0 

216.0 

.  15.5 

Starting  acceleratirsn  (from  cur'''e ) ,  17 

Starting  torque, 20.1  ft.  Iha- 
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DETEKJviiKATIOlI   OF  TT-IF   TIME   REQUIREn 
TO   RF.ACH    SYliCliROlIISM,    FIELDS    SHORTEP    IlIPIVIDTJAIiljY. 


ANGULAR  A},-r-IJTi:\R 

VIBRATIONS.         ANGLE.  VELOCITY.         ACGEJjERATIOK. 


0 

129.0 

10 

146 .  0 

17.0 

20 

182.0 

36.0 

19.0 

30 

238.0 

56.0 

20.0 

40 

309.0 

71.0 

15.0 

50 

37.0 

88.0 

17.0 

60 

141 .  0 

104.0 

16.0 

70 

259.0 

113.0 

14.0 

30 

32  .  0 

133.0 

15.0 

90 

179.0 

147  .  0 

14.0 

100 

340.  0 

161.0 

14.0 

110 

157.0 

177.0 

16.0 

120 

347 .  0 

190.0 

13.0 

130 

192.0 

305.0 

15.0 

140. 

53.0 

221.0 

16.0 

C:  I 
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DETERIvIIKATION  OF  STARTING  TORQUE 
WITH  CAGE  ATTACmiENT ,  FIELDS  SHORTED  INDIVIDUALLY. 


ANGULAR 

ANGUJ^R 

VIBRATIONS. 

ANGLE . 

VELOCITY. 

ACCELERATION 

0 

149.0 

10 

176.0 

27.0 

30 

248 . 0 

72.0 

45.0 

30 

3.3 

115.3 

43.3 

40 

160.0 

156.7 

41.4 

50 

353.0 

193.0 

36.3 

60 

220.0 

227.0 

34.0 

70 

118.5 

258.5 

31.5 

80 

31.0 

272.5 

14,0 

90 

315.5 

284.5 

12.0 

100 

244.0 

238.5 

4.0 

110 

175.0 

291.0 

2.5 

Starting  acceleratiDn  (from  cur"-'"e), 48 

Starting  torque,  56.6  ft.  Iba. 
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DETEKMIKATION  OF  STARTING  TORQUE 
WITH  GAGE  ATTACHIV'lENT ,  FIELDS  SHORTED  INDIVIDUALLY. 


ANGUI-jAR 

ANGUIjAR 

VIBR/ITIONS. 

AIJGTiE. 

VELOCITY. 

ACCELERATIOlJ. 

0 

175.0 

10 

304.5 

29.5 

20 

279.0 

74.5 

45.0 

30 

35.5 

116.5 

42.0 

40 

193.0 

157.5 

41.0 

50 

26.0 

193.0 

36.5 

60 

256.0 

230.0 

37.0 

70 

153.0 

257.0 

27.0 

80 

71.0 

278.0 

21.0 

90 

359.0 

288.0 

10.0 

Starting 

acce 

le:ratinn 

( from  cnrve ) 

0 
, 47 

Starting 

torciue,    



55, 

55,5  ft.  Iba, 


41 
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DETERMINATION  OF  STARTING  TORQUE 
WITH  CAGF  ATTACHME]v!T ,  AND  FIELDS  SHORTED  INDIVIDUALLY. 


an'guijAR.  angular, 

vibrations.       angie.       vei,ocity.       acceijmation. 


0  159.0 

10  184.0  35.0 

20  248.0  64.0  39.0 

30  346.0  98.0  34.0 

40  114.0  130.0  30.0 

50  268.0  154.0  26.0 

60  90.0  182.0  28.0 

70  394.0  204.0  22.0 

80   ^  164.0  330.0  26.0 

90  55.0  351.0  21.0 

100  325.0  270.0  19.0 

110  251.0  286.0  16.0 


St,arti''ig  acceleratinn  (from  cv.v^^e)  , 45 

Starting  toroue,  53.1  ft. lbs. 
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DETPIPMIIIATIOIJ    OF   STARTIIIG   TORQIIPl 
WITH   GAGE   ATTACHIvlSIvT ,    AND   FIEIJ:iS    SHORTED    INDIVIDUALLY. 


AJvCTJIxAR  AIIGUJAR 

VIBRATIONS.         ANGIJ^.         VELOCITY.         ACGETiEKA.TION. 


0          0  129.0 

10  ISV.O  28.0 

20  22:5.0  R6.0  38.0 

30  322.0  99.0  33.0 

40  91.0  129.0  30.0 

50  246.0  155.0  26.0 

60  65.0  179.0    •  24.0 

70  269.0  204.0  25.0 

80  .  135.0  226.0  22.0 

90  22.0  247.0  21.0 

100  289.0  267.0  20.0 

110  213.0  284.0  17.0 


o 

Starting  acceleratinn  (from  c^^r-e), 42 

Starting;,  toroue,  49.5  ft.  lbs 
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DWTERI^HKATION    OF   STZ-LRTIIiG    TORQUE 
FITR   CAGV:   ATTACHMENT,    AND   FIELDS    SHORTETi    IIJDIVIDUAT.LY. 


aiiguiar 

AUGUTjAR 

VI3RATI0IIS. 

ai:gje. 

VELOCITY. 

ACCELERATIOII. 

0 

144.0 

10 

IVo.O 

29.0 

20 

2:36.0 

63.0 

54,0 

30 

329.0 

93.0 

30.0 

40 

90.0 

121.0 

28.0 

50       ■ 

236.0 

146.0 

25.0 

60 

45 .  0 

169.0 

23.0 

70 

238.0 

195.0 

24.0 

80 

92.0 

214.0 

21.0 

90 

328.0 

236.0 

22  . 0 

100 

225.0 

257.0 

21.0 

110 

139.0 

274.0 

17,0 

o 

Sto,rti"ig  acceleration  (from  curve), 40 

Starting  tortiue,    47.2   ft.  lbs, 
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THE   EFFECT    OF   DIFFEREIIT   REL.-\TIVE    POSITIONS. 

T)ie  next   set   of  runs    -raa  unrierta^en  to  rieteivriine 
the    effect  upon   the    starting   torque    of  different   i-elative 
positions    of  x-otor  to   stator.    From  the   resu.Tts    obtained, 
without   the   cage,    the   relati-/©   rositioi"    makes   no   percept- 
able .  difference .   Vfith  the   ca^.e,    hov.ever,    consifierable  var- 
iation was  noted,    ana  that  there   is  a  definite  jTiaxiui'! jn 
ana  minimum  value   in  evei-y  180  may;netic  degrees.    Due   to 
the    inaccessibility   of   the   armatiire   '^.initings,    it    .yo,3    im- 
possible  to   determine   the   relati-'-e   position    of  rotor   to 
stator  v.ind.ings   at   i/hich  this  maximun   occured.    The   cur'^'^es 
plotted   from  t]ie   results    of  these    series    of   rurs    sho".;    the 
increase   of  torque   due   to  the   cage  attaclunent. 
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VARIATION    OF   TORQUF  T'lTH   STARTIIIG    POSITION. 


AlIGUIAR 
POSITIOII. 

TORQUE 
\VITH  GAGE. 

TORQUE 
WITHOUT  CAGE. 

139^ 

104.0 

76.6 

135 

104.0 

73.0 

141 

106.0 

74.3 

147 

111.0 

76.6 

153 

134.0 

76.6 

159 

150.0 

73.1 

165 

111.0 

73.0 

171 

111,0 

74.3 

177 

107.3 

73.1 

183 

108.6 

77.8 

189 

104.0 

74.3 

195 

107.3 

75.5 

One   iiiechanica.T   degree    eiiuala     v3:    electriccxl   ciegree^. 
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DETEKIvIIIIATlOW  OF  THE  TORQUE  AT  VARIOUS 
POSITIONS  OF  THE  FIELDS,  STARTING  ANGTlE   189 ", 


VIBRATIONS. 

0 

10 

80 

30 

40 

50 

60 

70 

80 

90 
100 
110 
180 
130 .  0 


ANGUIAR 

ANGUIAR 

ANGIiE. 

VELOCITY. 

AGCELEPJiTION. 

189.0 

165.0 

36.0 

859.0 

94.0 

53.8 

43.0 

144.0 

50.0 

833.0 

190.0 

46  .  0 

108.0 

239.0 

39.0 

7.0 

865.0 

36.0 

306.0 

3^^9.0 

34.0 

878.0 

338  .  0 

33.0 

230.0 

363.0 

30.0 

301.0 

337.0 

85,0 

0,0 

413  . 0 

86.0 

71.0 

431,0 

18.0 

165.0 

454.0 

13.0 

Starting  acceleration  (from  cv.r'^e), 65 

Starting  tornue,  ^^^-^   ^^-    -'' '^^^ 
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DKTKRMIIfATION    OF   TlU'l   TORQUE   AT   VARIOUS 
POSITIONS    OF   THE   FIELDS,       STARTIIJG   ANGLE   135°. 


ANGULAR  ANGULAR 

VIBRATIONS.         ANGLE.  VELOCITY.         ACCELERilTION . 


0  135.0 

10  168.0  33.0 

20  255.0  87.0  54.0 

30  30.0  135.0  48.0 

40  207.0  177.0  42.0 

50  63.0  216.0  39.0 

60  314.0  251.0  35.0 

70  238.0  284.0  33,0 

80  193.0  315.0  31.0 

90  176.0  343.0  28,0 

100  189.0  373.0  30.0 

110  226.0  397.0  24.0 

120  286.0  420.0  23.0 

130  7.0  441.0  21.0 


Starting  acceleratinn   (from  curve),    61 

Starting  torque,    72.0  ft.lba. 


# 


55 


DETFRIvIIKATIOH    OF   T^IR   TORQUE  AT   VARIOUS 
POSITIONS    OF   THE   FIELDS,       STARTING   ANGJjE    141° 


ANGULAR  ANGUJAR 

VIBRATIONS.         ANTrliS.  VELOCITY.         ACCELERATION, 


0  141.0 

10  183.0  41.0   • 

20  279.0  97.0  56.0 

30  55.0  146.0  49.0 

40  255.0  190.0  44.0 

50  123.0  228.0  38.0 

60  27.0  264.0  36.0 

70  325.0  298.0  34.0 

80  294.0  329.0  31.0 

90  294.0  360.0  31,0 

100  319.0  385.0  25,0 

110              '  10.0  411.0  26.0 

120  81.0  431.0  20.0 

130  174.0  453.0  12.0 


o 
Starting  accelerati-^n   (from  CLirre), 63 

Starting  toniue, 74.3   ft.  lbs, 
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DETERJVIINATIOH  OF  THEl  TORQUE  AT  VARIOUS 
POSITIOnS  OF  TI-IF  FIFLD3,  3TARTIIJG  AKGLF!   147^. 


ANGUIiAR        ANGULAR 
VIBRATIONS.    ANGLE.    VELOCITY.    ACCELERATION, 


0 

147.0 

10 

105.0 

38.0 

20 

280.0 

95.0 

57.0 

30 

64.0 

144.0 

49  . 0. 

40 

251.0 

137.0 

43 .  0 

50 

116.0 

225.0 

33.0 

60 

17.0 

261.0 

36.0 

70 

311.0 

294.0 

33.0 

80 

279.0 

328.0 

34.0 

90 

274.0 

355.0 

27.0 

100 

296.0 

282.0 

27.0 

110 

344.0 

403 . 0 

26.0 

120 

52.0 

428.0 

20.0 

130 

141.0 

449.0 

21.0 

Starting  acceleration  (from  cur-'^e ) , ^5 

Starting  torque,  76.6  ft. lbs, 
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DF.TFK;vIIj;ATIOIi    or   T^IE   TORQUE   AT    VARIOUS 
POSITIONS    OF   TTiE   FIELDS,    STARTING   ANGIjE      153 


ANGUIi.\R  ANGULAR 

VIBK4TI0NS.         ANGJ.E.  VELOCITY.         ACGELEE.\TION . 


0 

153.0 

10 

187.0 

34.0 

20 

279.0 

92.0 

53.0 

30 

fiO.O 

141.0 

49.0 

40 

2^i4.0 

134.0 

43.0 

50 

107.0 

223.0 

39.0 

60 

6.0 

259.0 

36.0 

70 

299.0 

393.0 

34.0 

80 

2n4.0 

335.0 

33.0 

90 

359.0 

355.0 

30.0 

100 

380.0 

381.0 

26.0 

110 

327.0 

407.0 

26.0 

130 

560.0 

439.0 

33.0 

.rting 

acceleration 

( from  curi'-e ) ,  - 

65" 
76. 

76.6    ft, lbs. 
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DETEFJvIIIJATIOK  OF  THE  TORQUE  AT  VARIOUS 
POSITIONS  0?"  THE  FIELDS,  STARTING  AKGIiE   159^. 


ANGULAR        ANGUIAR 
VI3R.A.TI0NS.    ANGIE.    VELOCITY.    ACCEJjERATION. 


0 

159.0 

10 

194.0 

35.0 

20 

285.0 

91.0 

56.0 

30 

66.0 

141,0 

50.0 

40 

250.0 

184.0 

43.0 

50 

112,0 

222.0 

38,0 

60 

11.0 

259.0 

37,0 

70 

302 , 0 

291.0 

32.0 

80 

267.0 

325.0  ■ 

34.0 

90 

261.0 

354.0 

29.0 

100 

231.0 

380.0 

26.0 

110 

327.0 

406  . 0 

26.0 

120 

35.0 

423.0 

23.0 

130 

123.0 

44  3  .  0 

20.0 

o 

Starting  accelerati-^n  (from  curve), 62 

Starting  torque,  '''-^•^  ft.  lbs 
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DETWRJvIINATIOn    OF   THE   TORQUE   AT   VA'RIOUS 
r^OSITIONS    OF   THE   FIELDS,    STARTING   AHGIxE      165'\ 


ANGULAR  ANGULAR 

VIBRATIONS.         ANGJJ^.         VELOCITY.         ACCET,ERATIOJI . 


0  165,0 

10  203.0  38.0 

20  295.0  92.0  54.0 

30  73.0  138.0  4fi.O 

40  252.0  179.0  41.0 

50  106.0  214.0  35.0 

60  353.0  247.0  33.0 

70  273.0  280.0  33.0 

§0  221.0  308.0  28.0 

90  198.0  337.0  29.0 

100  203.0  365.0  23.0 

110  230.0  387.0                  "     23.0 

130  282.0  412.0  25.0 

130  358.0  436.0  24.0 


Starting  accelei-ati'-aa   f  f rem  cur'.'"e), 61 

Starting   toniue,    72. n   ft. lbs. 
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DETERMINATION  OF  THE  TORQUE  AT  VARIOUS 
POSITIONS  OF  THE  FIELDS,  STARTING  ANGJjE  171°, 


VIBRATIONS .    ANGLE . 

0 

10 

20 

30. 

40 

50 

60 

70 

80 

90 
100 
110 
120 
130 

Starting  acceleration  ffrom  ci.irve), 63^ 

Starting:  toraue,  74.3  ft.lbg. 


ANGUJ^R 

ANGUIA.R 

NGIE. 

VELOCITY. 

ACCELERATION. 

171.0 

211.0 

40.0 

30P..0 

95.0 

55.0 

08.0 

142  . 0 

47,0 

271.0 

133.0 

41.0 

130.0 

219.0 

36.0 

24.0 

254.0 

35.0 

310.0 

23^^.0 

32.0 

366.0 

316.0 

30,0 

252.0 

346 . 0 

30.0 

264.0 

372.0 

26,0 

302,0 

39  3.0 

26.0 

2.0 

420.0 

22,0 

32.0 

440.0 

20.0 

66 
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DETFKMINATIOi;    OF   TT-IE   TORQUI^   AT    VARIOUS 
POSITIONS    OF   Tl^   FIELDS,    STARTING   ANGLF    17?" . 


ANGUIiAR  AKGUIiAR 

VIBRATIONS.         ANGIiF.  VELOCITY.         ACCELERATION, 


0  177.0 

10  208.0  31.0 

20  295.0  87.0  56.0 

30  70.0  135.0  43.0 

40  248.0  178.0  ^i3 . 0 

50  103,0  215.0  37.0 

60  353.0  250.0  35.0 

70  277.0  284.0  34.0 

80  232,0  315.0  31.0 

90  216.0  544.0  29.0 

100  228.0  372.0  23.0 

110  267.0  399.0  27.0 

120  329.0  422.0  23.0 

130  53.0  444.0  22.0 


Starting  acceleration   ( f  roin  cur^'e), 62 

Starting  torque,    73.1   ft. lbs. 
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DETERrvIINATION    OF   TT-IE   TORQUE   AT    VARIOUS 
POSITIONS    OF   TliF   FIEIJIS,    STARTIIiG   ANGLE      183"^. 


ANGUIAR  ANGULAR 

VIBRATIONS.         ANGI^,         VEI^OCITY.         ACCELEPw\TION. 


0  183 

10  217.0  34.0 

30  307.0  90.0  f.fi.O 

30  83.0  136.0  46.0 

40  260.0  177.0  41.0 

50  114.0  214.0  37.0 

60                              2.0  248.0  34.0 

70  233.0  281.0  33.0 

30  233.0  310.0  29.0 

90  213.0  340,0  30.0 

100  219.0  366.0  26.0 

110  251.0  392.0  26.0 

120  307.0  416.0  24.0 


Starting  acceleratir<n   from  ciir'^e,    66 

Starting  torciue,    77.8   ft,  lbs 
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DET:^KMIirATIO]I    OF   TlTF!   TORQ.UE   AT   VARIOUS 
POSITIONS    OF   THF   FIELDS,    STARTING    ANGLE   IBq". 


ANGULAR  ANGUIaAR 

VIBRATIONS.         ATJGtiE.  VELOCITY.  ACCELERATION. 


0  189.0 

10  227.0  38.0 

20  318.0  91.0  53.0 

30  93.0  135.0          .  44.0 

40  270.0  177.0  42.0 

50  122.0  212.0  35.0 

60  7.0  245.0  33.0 

70  284.0  277.0  32,0 

30  230.0  30fi.O  29.0 

90  205.0  335.0  29.0 

100  207.0  362.0  27.0 

110  233.0  336.0  24.0 

120  235.0  412.0  26.0 

130  357.0  432.0  20.0 


Starting  acceleratinn  from  cur"-''e,    63 

Starting   toroiie,    74.3    ft.lbg. 
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DETERMIIIATIOK    OF   TT-^IE   TORQUE   AT   A^'ARIOU:^ 
POSITIONS    OF   TTiE   T^IELDS,    STARTING   AIIGIiE    19p/\ 


ANGTJJ_iAR  AKGUJlAR 

VIBRATIONS.         ANGKE.         VELOCITY.  ACCEJiERATION, 


0  195.0 

10  232.0  37.0 

20  303.0  81.0  54.0 

30  70.0  137.0  4fi.O 

40  338.0  168.0             ■.     .    41.0 

50  83.0  304.0  36.0 

60  331.0  339.0  35.0 

70  230.0  269.0  30.0 

80  170.0  500.0  31.0 

90  139.0  339.0  39.0 

100  135.0  356.0  37.0 

110  157.0  383.0  36,0 

130  304.0  407.0  35.0 

130.  371.0  437.0  30.0 


o 
Starting  acceleration   ffi-om  ciir'^e),    64    . 

Starting   totque,    75.5   ft. lbs, 


74 


7.^ 


DEa'EKJvIIIiATIOH    OF   THF   TORQUFl   AT    VARIOUS 
POSITIOjTS      OF  TT-IF.   FIELDS,    WITH   CAGE   ATTACHIvIENT . 
STARTING   AlIGIiE    139^'. 


ANGULAR 

ANGULAR 

VIBRATIONS . 

ANGIJ^. 

VELOCITY. 

ADDELi'lKATION, 

0 

129.0 

10  • 

176.0 

47.0 

20 

297.0 

121.0 

74.0 

30 

118.0 

Idl.O 

60.0 

40 

351.0 

233.0 

52.0 

50 

268.0 

277.0 

44.0 

60 

227.0 

319.0 

^i2.0 

70 

222.0 

355.0 

36.0 

80 

245 . 0 

333.0 

28.0 

90 

302.0 

417.0 

34.0 

100 

22.0 

440.0 

23.0 

110 

124.0 

462  .  0 

22.0 

o 

start, i.ix',:  acceleration  (from  C-ir'^e),  88 

Starting  torciue,    104.0  ft,    lbs. 


76 


■  1 

1 

. 

-  ,;riT 

r 

'■-    ■     ■-    -i- 

^ 

77 


■nETEiaill^'ATIOIl    OF  TT^IE   TORQIJT^   AT   VARIOUS 
POSITIONS    OF   THF   FIELDS,    V'lTH   CAGE   ATTACmiENT . 
STARTIIIG    AliGLE    IS^/'. 


ANGULAR 

ANGUIAR 

VIBRATIONS . 

ANGLE . 

VELOCITY. 

ACCELERATION^ 

0 

135.0 

10 

136.0 

51.0 

20 

314.0 

128.0 

77.0 

30 

148.0 

194.0 

66 .  0 

40 

36.0 

243 .  0 

54 .  0 

50 

332.0 

296.0 

48.0 

60 

312.0 

340 .  0 

44.0 

70 

329.0 

377.0 

37.0 

30 

20.0 

411.0 

34.0 

90 

100.0 

440.0 

29.0 

100 

208.0 

468.0 

28.0 

110 

332.0 

484.0 

16.0 

Start/ing   acceleratinn   (  f rora   cur-^'-e  ) , 88^ 

Starting  torque, 104.0  ft.  lbs. 
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DRTERMINATIOIJ    OF   Ti-rP   TORQUE   AT   V.\RIOUS 
POSITIONS    0:f^   TVIE   FIELDS,    WITH   CAGE   ATTACHIvIEHT . 
STARTING   ANGLE   141 '^ 


ANGUMR 

ANGUIAR 

VIBRATIONS. 

ANGU^ . 

VELOCITY. 

ACCELERATION 

0 

141 .  0 

10 

196.  0 

55.0 

20 

328.0 

132.0 

77.0 

30 

164.0 

196.0 

64.0 

40 

55.0 

251.0 

50 

352.0 

297.0 

46.0 

60 

331 .  0 

339.0 

42.0 

70 

347  .  0 

376.0 

37.0 

80 

37.0 

410.0 

34,0 

90 

114,0 

437.0 

27.0 

100 

217.0 

463.0 

26,0 

110 

333.0 

481.0 

18.0 

o 

starting  acceleration  (from  cvir'^'e ) ,  90 

Starting  torque, 106.0  ft.  Iba. 
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DHTERMIKATION  OF  THE'  TORQTIp:  AT  VARIOUS 
POSITIONS  OF  T1-IE  FIELDS,  WITH  CAGE  ATTACHIVIENT, 
ST.^RTIKG  ANGLE  147*^ 


AJ'IGUIAR 

ANGUL.\R 

VIBRATIONS. 

ANGLE . 

VELOCITY. 

ACCELERATION. 

0 

147.0 

10 

197.0 

50.0 

20 

331.0 

124.0 

74.0 

30 

149.0 

188.0 

59.0 

40 

30.0 

241 . 0 

53.0 

50 

318.0 

288.0 

47.0 

60 

287.0 

329.0 

41.0 

70 

293.0 

3r,6.0 

37.0 

80 

331.0 

398.0 

32.0 

90 

35.0 

424.0 

26.0 

100 

127.0 

452.0 

20.0 

110 

233.0 

471.0 

19.0 

Starting  acceleratirm  (from  cviri-e), 94. 

Starting  torque,  111.0  ft.  lbs, 
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DETERMINATION  OF  THE  TORQUE  AT  VARIOUS 
POSITIONS  OF  Tl-IE  PIHIDS ,  V-ITH  CAGE  ATTAGmiENT , 
STARTING  ANGLE  153^ 

ANGULAR        ANGULAR 
VIBRATIONS.    ANGLE.    VELOCITY.    ACCELERATION. 

0  153.0 

10  312.0  59.0 

20  1.0  149. 0 

30  225.0  224.0 

40  150.0  285.0 

50  127.0  337.0 

60  145.0  378.0 

70  193.0  408.0 

80  266.0  433.0 

90  3.0  457.0 

100  113.0  470.0 

110  235.0  482.0 

Starting  acceleration  (from  cur^^e ) , 

Starting  tortiue, 124.0   ft,    lbs, 


90, 

,0 

75, 

.0 

61, 

.0 

■       52, 

,0 

41, 

.0 

30, 

,0 

25, 

,0 

24. 

,0 

13. 

,0 

12. 

0 

105? 
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DETEKMISATIOIJ    OF  THE   TORQUE   AT    VARIOUS 
POSITIOIiS    OF   Tlffi   FIEIDS,    WITH    CAGE   ATTACmiENT . 
STARTING   AIJGKE    159*^ 


ANGULAR 

AN'GUIiAR 

VIBRATIONS. 

ANGLE. 

VELOCITY. 

ACCELERATION. 

0 

159.0 

10 

229.0 

70.0 

20 

44.0 

175.0 

105.0 

30 

305.0 

261.0 

86.0 

40 

275.0 

.330.0 

69.0 

50 

304.0 

389.0 

59.0 

60 

12.0 

428.0 

39.0 

70 

120.0 

463.0 

40.0 

80 

250.0 

490.0 

22.0 

90 

40.0 

510.0 

20.0 

100 

209.0 

529,0 

19.0 

Strtrtirig   accele.ratlnn   Trom  c-iir^^e,    127 

Starting  torciue, 150.0   ft,    lbs. 
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DET_KKIVIINATI0IJ    OF  Ti-TE   TORQUE   AT   VARIOUS 
POSITIONS    OF  THE  FIET^S,    WITH   CAGE  ATTACmF^NT. 
STARTIKG   AiiCJE    lob'^ 


ANGUIjAR 

AlJGUIAR 

VIBPw^TIONS. 

Ali'GIE. 

VELOCITY, 

AGCELEKATIOIT. 

0 

165.0 

10 

315.0 

50.0 

30 

343.0 

133.8 

78.0 

30 

179.0 

196.0 

Gd.O 

40 

69.0 

350.0 

54 .  0 

50 

7.0 

393.0 

48.0 

50 

347  . 0 

540.0 

43.0 

70 

5.0 

378.0 

38.0 

80 

56.0 

411.0 

33.0 

90 

133.0 

437.0 

36.0 

100 

333.0 

460.0 

33.0 

110 

353.0 

430.0 

30.0 

St.:vr'tirxg  acc6].Qrcot,ion   ffron  cur'^^e), 94 

Starting  torque, 111.0  ft.  lbs 
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89 


DETRKvIIi.'ATIOK  OF  T^T^  TORQUE  AT  VARIOUS 
POSITIOIjS  OF  THE  FIFIJ33,  TITK   CAGE  ATTAGliMEI.'T, 
STARTING  ANGLE  17l". 


AT,T.UIAR 

ANGUJ^R. 

NGTJ^. 

VELOCITY. 

ACCEIjEPATION. 

171.0 

P.81.0 

50.0 

349.0 

138.0 

78.0 

184.0 

195.0 

67.0 

73.0 

249.0 

54 . 0 

11.0 

298.0 

49.0 

350.0 

339.0 

.41.0 

8.0 

378.0 

39,0 

57.0 

409  .  0 

31.0 

133.0 

436  .  0 

27.0 

334.0 

461.0 

35.0 

354.0 

480.0 

19.0 

VIBRATIONS. 

0 

10 

30 

30 

40 

50 

60 

70 

80 

90 
100 
110 


o 
Sta,rt,ins  acceleration  (from  cur^e), 94 

Starting  torque,  111.0  ft. lbs, 
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DETFKMIJJATIOK    OF   THE   TOROIJFl   AT   VARIOUS 
POSITIONS    OTT   THE   FIEIlDS,    ¥:ITH   GAGK   ATTACHMENT. 
STARTING   ANGIjE   17?" 


angutjAR     angular 
vibrations.   angi.e.   velocity.   acceleration, 


0 

177.0 

10 

324.0 

77.0 

20 

348 . 0 

124.0 

77.0 

30 

130.0 

192.0 

68.0 

40 

66.0 

246 .  0 

54.0 

50 

0.0 

2y4.0 

48.0 

60 

336.0 

336.0 

43  .  0 

70 

353.0 

377.0 

41.0 

80 

41,0 

40o.O 

31.0 

90 

119.0 

438.0 

30.0 

100 

319.0 

460.0 

22 .  0 

110 

335.0 

476.0 

16.0 

Str-irting  acceleratir>n   (ri'om  cvi.r-='e),    91 

Starting   torque,    107.3   ft. lbs. 
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DETEKMIItATIOI,^    OF  T'^IR   TORQUE   AT    VARIOIIfS 
POSITIONS    OF   TVLE   FIELDS,    WITH   GAGE   AYYACHIVIENT . 
STARTING   ANGLE   183'^ 


ANGULAR 

ANGUIAR 

lNGIiE. 

VELOCITY. 

ACCELERATION. 

183.0 

230.0 

47.0 

357.0 

127.0 

80.0 

189.0 

192.0 

65.0 

75.0 

24fi  .  0 

54.0 

10.0 

295,0 

49 .  0 

347.0 

337.0 

42.0 

2.0 

375.0 

38.0 

49.0 

407  .  0 

32  .  0 

136.0 

437.0 

30,0 

2^7.0 

461.0 

24.0 

352.0 

435.0 

a4,o 

VIBPJ^TIONS. 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 
100 
110 


start Lrxg  accelerati'^n  from  curve,    92 

Starting  torque,  108.6  ft. lbs, 
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DPlTFIRIvIU-IATION    OF   THE   TORQUE   AT    VARIOUS 
POSITIONS    OF   THE   FIELDS,    WITH    GAGE   .ATTACHMENT. 
STARTING   AliGLR   189 " 


AJiGUKAR 

AjiGUJjAR 

IK^^TIOKS. 

AMGI.E . 

VELOCITY. 

ACCEJjERATION 

0 

189.0 

10 

232.0 

43.0 

20 

349.0 

117.0 

74.0 

30 

168.0 

179.0 

62.0 

40 

40.0 

232.0 

53 . 0 

50 

317.0 

277.0 

45 .  0 

60 

275.0 

313.0 

41.0 

70 

270.0 

355.0 

37.0 

80 

2  97.0 

337.0 

32  .  0 

90 

356.0 

419.0 

32.0 

100 

30.0 

444.0 

25.0 

110 

182.0 

462.0 

13.0 

Starting  accelerati-^n  (from  curve), 88? 

Starting  torque, 104. 0  ft.Ib3. 
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DETEKf.'IINATION  OF  TRF.   TORQUE  AT  VARIOUS 
POSITIONS  OF  THE  FIELDS,  WITH  GAGE  ATTACmCEIIT , 
STARTING  ANGLE  195^ 


ANGUMR 

AN'GUIjAR 

NATIONS 

ANTtTiE. 

VELOCITY. 

ACCELERATION 

0 

195.0 

10 

244.0 

20 

11.0 

127.0 

78.0 

30 

204.0 

193.0 

66.0 

40 

92.0 

248.0 

55,0 

50 

27.0 

295.0 

47.0 

60 

7.0 

340.0 

45.0 

70 

22.0 

375.0 

35.0 

80 

74.0 

412 .  0 

37.0 

90 

153.0 

439.0 

27.0 

LOO 

256.0 

463.0 

24.0 

Starting  acceleratinn  ffrom  cur>"e ) ,  91 

Starting  torq.vie,  107.3  ft.  lbs. 
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OTHER  EFFECTS  OF  THE  CAGE  ATTACm.LENT . 

TTntiii;£  t]ie  increase  in  the  starting  torque  due 
to  the  action  of  the  cage  attaciuaent ,  it  vvas  deemed  to  be 
of  interest  to  ascertain  the  other  effects  of  tlie  Cage 
attaclunent  upon  the  operation  of  the  motor.  Because  of  the 
larger  starting  torqxie  obtained  T.-itli  the  cage  attacjunent, 
the  time  required  for  the  machine  to  approech  synchronism  is 
diminished.  A  comparison  of  the  times  may  be  made  by  an  in- 
spection of  the  follovving  curves  taken  under  various  con- 
dition of  operation. 
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DETERF.aNATION    OF   TKF,   TIME  REOTJIRET) 
TO   REACH    SYI'JCHROKISM. 


ANGULAR 

AimULAR 

3R.\TI0NS 

AKGIE . 

VELOCITY. 

ACCELERATION. 

0 

263.0 

10 

308.0 

40.0 

20 

43.0 

100.0 

60.0 

30 

200.0 

152.0 

48,0 

40 

34 . 0 

194.0 

43.0 

50 

269.0 

235,0 

41.0 

60 

179.0 

270,0 

35.0 

70 

122.0 

303.0 

33.0 

80 

95.0 

333 .  0 

30.0 

00 

97.0 

362.0 

39.0 

100 

125.0 

338.0 

26 .  0 

110 

178.0b 

413.0 

25.0 

120 

252.0 

434 . 0 

21.0 

130 

343.0 

456.0 

32.0 

140 

103 . 0 

475.0 

19.0 

150 

235.0 

493.0 

23.0 

160 

23.0 

513.0 

b  21.0 

170 

176.0 

503.0 

5.0 

130 

337.0 

521.0 

13.0 

190 

147.0 

530.0 

9.0 

300 

329.0 

543.0 

8.0 

210 

160.0 

551.0 

9,0 

220 

353.0 

553.0 

8.0 

230 

195.0 

563  .  0 

9.0 
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DETEKIvlII<ATIOlJ    OF   THE   TIME   REQUIRED   TO 
REACH    SYl:JCTiR01JISM,    VflTH   CAC-E   ATTACHIVIENT . 


IBRATIONS 

ANGLE. 

0 

330.0 

10 

7.0 

20 

133.0 

30 

333.0 

40 

310.0 

50 

144.0 

60 

117.0 

70 

131.0 

30 

175.0 

90 

343.0 

100 

342.0 

110 

99.0 

120 

232.0 

130 

17.0 

140 

177.0 

150 

347.0 

160 

164.0 

170 

348.0 

180 

183.0 

ANGUIAR  ANGUK\R 

VELOCITY.         ACCELERATIOH. 


47.0 
126.0 
190.0 
247.0 
394.0 
333.0 
374.0 
404.0 
433.0 
454.0 
477.0 
493.0 
505.0 
520.0 
530.0 
537  .  0 
544.0 


79.0 
64.0 
57.0 
47.0 
39.0 
41.0 
30.0 
29.0 
21.0 
83.0 
16.0 
•13.0 
15.0 
10.0 
7.0 
7.0 
11.0 
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DETERMINATION  OF  THE  TIME  REQUIRED 
TO  REACH  SYNCHRONISM,  FIELDS  OPEN. 


AJ'jGULAR        ANGUIAR 
VIBRATIONS.    AIJGTjE.    VELOCITY.    ACCELERATION. 


0 

268.0 

10 

302.0 

34.0 

20 

20.0 

86.0 

52.0 

30 

157.0 

129.0 

43.0 

40 

325.0 

163.0 

39.0 

50 

167.0 

202.0 

34.0 

60 

41.0 

234.0 

32.0 

70 

304.0 

263.0 

29.0 

80 

237.0 

293.0 

30.0 

90 

196.0 

319.0 

26.0 

100 

131.0 

345 .  0 

26.0 

110 

192.0 

371.0 

26.0 

130 

226.0 

394.0 

25.0 

130 

283.0 

417.0 

23.0 

140 

359.0 

456.0 

19.0 

150 

95.0 

456.0 

20.0 

160 

208.0 

475.0 

17.0 

170 

537.0 

489.0 

16.0 

180 

122.0 

505.0 

16.0 

190 

279.0 

517.0 

12 .  0 

200 

86.0 

527.0 

10.0 

105 


VIBRATIONS . 

210 
280 
230 
240 
250 
260 
270 
280 
290 


AIjGULAR 

ANGULAR 

AlIGLE. 

VT^LOCITY. 

ACCELERATION. 

263.0 

537.0 

10.0 

88.0 

545 . 0 

8,0 

281.0 

553.0 

8.0 

123.0 

562.0 

9.0 

330.0 

567.0 

5.0 

185.0 

575.0 

6.0 

40.0 

577.0 

4.0 

261.0 

581.0 

4.0 

125.0 

584.0 

3.0 

106 
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DWI.\T^pJ,:iIiATI01J    OF   TT-IE  TIME   REQUIRED 

TO   PJilACH  SYl^'CHROlJISI.l,    FIELDS  SHORTED    Oil   EAGH    OTHER. 

VIBRATIONS.  AlJGT-iE.  VELOCITY.  ACCELERATIOII. 

0  1.S9.0 

10  171.0  1P..0 

SO  305.0  34.0  32.0 

30  255.0  50.0  1-S.O 

40  322.0  67.0  17.0 

50  43.0  81.0  14.0 

60  137.0  94.0  13.0 

70  244.0  107.0  13.0 

80  4.0  120.0  13.0 

90  139.0  135.0  15.0 

100  387.0  143.0  13.0 

110  88.0  161.0  13.0 

120  264.0  176.0  15.0 

130  93.0  189.0  13.0 

140  297.0  204.0  15.0 

150.0  156.0  219.0  15.0 
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DETFRIVIIh'ATION    OF   THF.   TIIuE   RT^QTJIRTTD 
TO   RPAGH   SYI>i"CliR0KI3M,    FIELD3    SHORTED   AT   THE   BRUSHES, 


AUG  IJ  JAR  AUG  U  JAR 

VIBRATIONS.         AKGIJ5.         VELOCITY.         AGGEU^RATIOIi . 


0 

129.0 

10 

148 .  0 

19.0 

20 

139.0 

41.  T 

22.0 

30 

249.0 

60.0 

19.0 

40 

526.0 

77.0 

17.0 

50. 

60.0 

94.0 

17.0 

60 

170.0 

110.0 

16.0 

70 

295.0 

125.0 

15.0 

80 

74.0 

139.0 

14 .  0 

90 

227.0 

153.0 

14.0 

100 

35.0 

168.0 

15.0 

110 

218.0 

163.0 

15.0 

120 

56.0 

198.0 

15.0 

150 

269.0 

313.0 

15.0 

140 

136.0 

227.0 

14.0 

110 


DETERfvIIIiATIOK    OF   TIIE   TIIvIE   REQUIRED 
TO   REACH   SYlMCIiROljISM,       FIELDS    SHORTED   AT   TliE   BRUSHES. 


ANGUIAR 

AIJGULAR 

BR.ATIONS.         AIIGIiE. 

VELOCITY. 

ACCELERATION. 

0 

159.0 

10 

170.0 

11.0 

30 

204.0 

34.0 

23.0 

30 

255.0 

51.0 

17.0 

40 

333 .  0 

68.0 

17.0 

50 

47.0 

34.0 

In.O 

60 

149.0 

102.0 

13.0 

70 

255.0 

116.0 

14.0 

80 

34.0 

129.0 

13.0 

90 

179.0 

1^5.0 

.     16.0 

100 

538.0 

159,0 

14.0 

110 

151.0 

173.0 

14.0 

120 

337  .  0 

13n.0 

13.0 

130. 

180.0 

303.0 

17,0 

140 

37.0 

217.0 

14,0 
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EFFECT  OF  THE  CAGE  ATTAGHli/IENT  UPON 
THE  VOLTAGE  GENERATED  I]j  THE  FIEIiDS. 

Since  the  voltage  generatea  in  tb.e  open  fields  at 
starting  ia  considerable,  anti  I'-iay  be  injurious  to  the  in- 
sulation, experiments  v/ere  performed  to  determine  tlie  effect 
of  the  cage  attachirient  this  voltage.  This  was  done  in  the  fol 
lowing  manner:-  The  rotor  was  blocked,  and  the  armat-are 
circuit  closed  long  enough  to  take  the  reading  of  the  ■/olt- 
meter  placed  across  the  terminals  of  the  fields.  The  cage, 
however,  seemed ^no  effect  upon  the  voltage  generated. 
The  aata  obtained  was  as  follo*»s:- 

Without  cage  , 1480  volts  . 

With  cage  , .   1385  volts , 


TRE  EFFECT  UPOII  THE  BREAK  DOWN  POINT. 

It  was  thought  that  the  cage  attachjneut  would 
have  some  effect  upon  the  break  aovvn  points.  Conseouentlj!-  a 
series  of  runs  v,as  miade,  with  and  without  the  cage,  using 
various  field  currents,  the  load  being  varied  up  to  the 
break  dowii  point,  and  curves  were  plotted  from  tjie  data 
obtained.  It  was  found  that  the  break  down  curves  varied  but 
slightly  from  each  other. 


1 .1 
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V.4RIATI0II    OF   THE   BREA'^   DOWII   POIIJT   WITH   EIELD    CURREIIT. 


BREAK   APJ-I    --    18" 


DEAD   WEIGHT    OlJ    SCALES    ~    11*' 


FIEIiD  SCAIjE  IjET 

CURRENT .       READING .         WEIGHT , 


HORSE   POWER, 


1.0 

70.0 

59.0 

8.45 

2.0 

79.0 

68.0 

9.71 

3.0 

103.0 

91.0 

15.00 

4.0 

136.0 

115.0 

16.43 

5.0 

140.0 

139.0 

18.43 

6.0 

153.0 

141 .  0 

20.14 

114 
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VARIATIOi;    OF   BPJ-'AF"  ■DOT-'I^'   FOIIJT   WITH   FI^ID    CIJRRFUT 

CAGE  ATTACHTvI^IfT . 
BREAK   ARM   —    18".  DEAD   ViTEIGHT    ON    SCAJjES—    11# 


FIELD  SCAI.JB  IfET 

CURRENT.         READIN'G.       WEIGHT.       HORSE    POWER. 


1.0 

49.0 

38.0 

5.43 

2.0 

81.0 

70.0 

10.00 

3.0 

10.3.0 

93.0 

13  .  14 

4.0 

123.0 

112.0 

16.00 

5.0 

138.0 

127.0 

18.14 

6.0 

141 ,  0 

130.0 

13.57 
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THE  EFFECT  UPON  THE  POV.ER  TRACTOR. 

The  next  featrire  investigated  -..-aa  the  effect  of 
the  cage  upon  the  povver  factor.  With  the  rotor  blockea, 
the  starting;  conditiona  rtere  maintained  for  a  period  of 
anfficient  duration  to  make  the  required  readings  neces- 
sary to  obtain  the  po^er  factor.  In  order  to  determine  the 
pov/er  factor  for  the  desired  voltage  a  run  was  made  for 
various  voltages,  and  the  results  plotted.  The  I'eadings 
taken  -/ere  the  line  ^^oltage,  the  line  current,  and  the 
vfattmeter  reading.  The  poiver  factor  .vaa  lieterminea  from  these 

by  the  e^iuation, 

2  W 
P.F. 


ilT  E  I 

where  W   is  tne  uattmeter  reaaing, 

E   ia  the  voltage, 

I   ia  the  cnrx-ent, 
A  higher  pov/er  factor  vvas  obtained  by  means  of  the  cage 
attachjnent  than  was  obtainea  vvithout  it. 
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CUKRFINT . 

VOI.TAGF 

133.0 

77.5 

117.5 

70.0 

105.5 

65.0 

98.0 

61.0 

89.0 

57.0 

03.0 

54.0 

78.0 

51.0 

73.6 

49.0 

POWER  FACTOR. 


KILO-Vv"ATTS .       POViTRR  FACTOR, 

8.0  . 844 

6.0  .820 

5.1  .830 
4.5  .834 
3.82  .850 
3.40  .836 
2.90  .782 
2.60  .7  50 
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POWER  FACTOR 
WITH    CAGF,   ATTACHlvlENT . 


CURRENT . 

VOLTAGE . 

KILO-?fATTS . 

POWER  FACTOR. 

210. 

81.8 

14.7 

.99 

18S. 

71.5 

10.95 

.97 

160. 

63.3 

8.56 

.98 

141. 

56.8 

6  .  53 

.94 

134. 

51.0 

5,33 

.96 

118. 

47.0 

4.41 

.97 
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CALIBRATION  OF  V.^ATTI1FTER  -^^,1?, 


KILO-WATTS . 

WATTIvIETER 
READINGS . 

REVERSED 
READIl'fGS . 

AVERAGE 
READINGS 

4.0 

4.05 

4.45 

4.25 

6.0 

6  .  52 

5.72 

6.12 

8.0 

7.55 

8.80 

8.10 

10.0 

10.98 

9.40 

10.19 

13.0 

11.22 

13.20 

12.21 

14.0 

15.40 

13.03 

14.24 

15.0 

13.93 

16.44 

15.19 

123 


■ 

- 

135 


CALTBRAH'IOIf  0^   VOLTMETER  ^r-^lOV. 


TRUE  VOLTS. 

VOJjTJ-IETER 

rp:adings  . 

REVERSED 
READIliGS. 

.WERAGE 
READIIJGS 

'     60.0 

61 .  5 

60.3 

60.8 

70.0 

70.0 

71.1 

70.5 

30.0 

80.8 

79.6 

80.3 

90.0 

89.3 

90.3 

39.8 

100.0 

99.7 

99.0 

99 . 3 

110.0 

108.7 

109.4 

109.0 

130.0 

113.4 

118.3 

118.3 
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RJ^SUIvIE. 

T\   conclLis  Lon,  v;e  are  able  1.0  say  tjiat  the  short- 
ing of  the  fields  either  n:  on  thejusel-rea  or  as  a  v.hole, 
produces  a  rtecidetjly  detriruental  effect,  the  largest  start- 
ing toroue  being  obta,ined  when  the  fielcis  are  or-en. 
However,  this  condition  may  be  greatly  improved  upon,  bjr 
the  application  of  t.de  cage  attachment.  This  arrangement 
has  the  still  furt}ier  advantages  of  giving  a  higher  ro;.'er 
factor,  a;id  has  a  tendency  to  prevent  hunting. 


